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Abstract 


The knowledge of the thermal evolution of the crystal structure of a cathode material across the usual working conditions in solid oxide fuel cells 
is essential to understand not only its transport properties but also its chemical and mechanical stability in the working environment. In this regard, 
high-resolution neutron powder diffraction (NPD) measurements have been performed in air from 25 to 900°C on O>-treated (350 °C/200 bar) 
Lay Nig 6Cup 404,53. The crystal structure was Rietveld-refined in the tetragonal F4/mmm space group along all the temperature range. The structural 
data have been correlated with the transport properties of this layered perovskite. The electrical conductivity of O -treated LazNip¢6Cup 40445 
exhibits a metal (high T)-to-semiconductor (low T) transition as a function of temperature, displaying a maximum value of 110 S cm7! at around 
450°C. The largest conductivity corresponds, microscopically, to the shortest axial Ni-O2 distance (2.29(1) A), revealing a major anisotropic 
component for the electronic transport. We have also performed a durability test at 750 °C for 560 h obtaining a very stable value for the electrical 
conductivity of 87S cm™!. The thermal expansion coefficient was 12.8 x 1076 K~! very close to that of the usual SOFC electrolytes. These results 
exhibit La Nig ¢Cuo 404,53 as a possible alternative cathode for IT-SOFC. 


© 2007 Published by Elsevier B.V. 
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1. Introduction 


One of the most important handicaps for the commercial- 
ization of solid oxide fuel cells (SOFC) is their high operating 
temperatures (900-1000 °C). Nowadays, the efforts in this area 
are focused on reducing the operating temperature without 
decreasing the cell efficiency. For these purpose, ‘mixed ionic 
electronic conductors’ (MIEC) appear to be some of the most 
promising cathode materials [1,2] due to the improvement of 
the kinetic of the cathode reaction by replacing the triple phase 
boundary zone (cathode-electrolyte-air) to a double inter-phase 
(cathode-air) at low temperatures (650-850 °C). In this case, 
MIEC materials provide not only the electrons for the reduc- 
tion of oxygen but also the ionic conduction required to ensure 
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the transport of the formed oxygen ions between the double 
inter-phase and the electrolyte. 

Materials with K2NiF;3 structure, have received considerable 
attention as novel cathodes for intermediate temperature SOFC’s 
due to its interesting transport properties [3-5]. The crystal struc- 
ture of these phases can be described as a staking of perovskite 
layers alternating with rock salt layers along the c direction [6]. 
The oxygen transport occurs via a complex mechanism com- 
bining interstitial migrations in the rock salt layers and vacancy 
migration in the perovskite planes [7,8]. The contribution of the 
interstitial mechanism appears to be more important than the 
vacancy migration mechanism, since higher oxygen contents 
can be achieved in these compounds, usually with a positive 
effect on their ionic conductivity [9,10]. In this way, treatments 
under high oxygen pressure on K2NiF, materials appears to be 
a promising method to improve the transport properties of this 
compounds by means of incorporating interstitial oxygen into 
the crystal lattice and by increasing the ionic mobility of the 
oxygen atoms [11]. 
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Several investigations have been directed to determine the 
crystal structure of La2NiO4+5 as a function of the oxygen stoi- 
chiometry [12,13]. Some neutron diffraction studies have been 
carried out either at RT (room temperature) [14,15] or at high 
temperature under vacuum [16,17]. We have performed, for the 
first time, a study of the thermal evolution of the crystal structure 
of La2NiOg 30 in air, founding very interesting relations between 
the structural evolution, the electrical behaviour and the oxygen 
content of this material [18]. 

The electrical conductivity of LazNip¢Cup,404+5 is slightly 
bigger than the conductivity of La2NiO4+5 [11]. This phe- 
nomenon raises the interest on investigating about its behaviour 
under the usual working conditions of a cathode in SOFC. 

The aim of this study is to correlate the thermal evolution of 
the crystal structure of highly oxygenated La2Nio 6Cuo.404+5 
with the observed changes in the electrical behaviour in the 
temperature range between 25 and 900°C. The stability of the 
electrical conductivity and the thermal expansion of this material 
will also be analyzed. 


2. Experimental 


Polycrystalline LazNip 6Cup. 40445 powder was synthesized 
via a nitrate-citrate route. Stoichiometric amounts of analytical 


(a) 60 
40 
20 


DTA (uV) 
b 
oO 


0 200 400 600 800 
T (°C) 


1000 


% mass 


99.2 


99.0 
0 200 400 600 800 


T (°C) 


1000 


Fig. 1. Thermal analysis for LagNig,6Cuo,404.16: (a) DTA curves under static 
air in the T range 25-900 °C and (b) thermogravimetric curves under static air 
cycled from 25 to 900°C. 


grade La203, Ni(NO3)2-6H20 and CuO (Panreac) were dis- 
solved in 8 M HNO; (Merck). Citric acid was then added to the 
mixture in a molar ratio 3.3:1 with regard to LazNig.6Cug 40445. 
The resulting product was dehydrated before being calcined at 
600 °C for 30 min. Finally, it was fired in air at 950 °C for 8 h and 
slowly cooled down to room temperature. Subsequent heat treat- 
ment under high oxygen pressure was performed at 350°C and 
200 bar of oxygen during 12h in a VAS furnace. Raw and O2- 
treated samples were characterized by X-ray diffraction (XRD) 
for phase identification and to assess phase purity. XRD anal- 
ysis was performed in a Philips “X Pert-MPD” diffractometer 
using Cu Ka radiation (A = 1.5406 A). The diffraction patterns 
were recorded in the 20 range 20-80 with steps of 0.04°. The 
cationic ratios were determined by inductively coupled plasma- 
atomic emission spectroscopy (ICP-AES) using a Jobin Yvon 
equipment. 

The oxygen content (ô) of the sample at RT was determined 
by thermogravimetric analysis and Rietveld refinement from 
the neutron powder diffraction (NPD) measurements. The ther- 
mogravimetric analysis was performed by heating the sample 
up to 900°C in a H2/N2 (5:95) flow using a Mettler-Toledo 
equipment. The thermal evolution of the oxygen content of O2- 
treated Laz Nig.6Cug,40445 in air was also studied. In addition, 
the thermal behaviour of this material was analysed by differen- 
tial scanning calorimetry (DSC) and thermogravimetric analysis 
in air. For this purpose, the sample (100 mg) was placed in an 
aluminium can and cycled several times in air in a SEIKO DSC 
220U equipment in the 25—600 °C temperature range. 

The in situ neutron diffraction measurements were performed 
in the high flux reactor at the Institute Laue-Langevin in Greno- 
ble, France. The high resolution D2B diffractometer was used 
with a wavelength à = 1.594 A selected from a Ge monochro- 
mator. The diffraction pattern covered the range 5—165° in 20. 
Measurements were carried out in air in each interval of 100 °C 
from 25 to 900°C. For this purpose, the sample was contained 
in a quartz tube open to the ambient atmosphere, placed in the 
isothermal zone of a furnace with a vanadium resistor operating 
under vacuum (Po, ~ 1076 Torr). 

Rietvelt refinements of the crystal structure were performed 
using the FULLPROF program [19]. The line shape of the 
diffraction peaks was generated by a pseudo- Voigt function. The 
strong background arising from the quartz container was esti- 
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Fig. 2. Observed (circles) and calculated (full curve) neutron diffraction profiles 
at 25 °C for La2Nio.6Cuo.404.16 using a single phase F4/mmm model. 
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mated by interpolation between selected points in regions devoid 
of Bragg reflections. In the final run the following parameters 
were refined: zero point, half width, pseudo-Voigt and asym- 
metry parameters for the peak shape, scale factor and unit cell 
parameters, positional parameters, occupancy factors for oxy- 
gen atoms and isotropic thermal factors. The scattering lengths 
for La, Ni, Cu and O are, respectively, 8.24, 10.30, 7.718 and 
5.803 fm. 

Dense compounds are required for the measurements of 
thermal expansion coefficient and electrical conductivity. The 
prepared powders were pressed into pellets (10mm in diam- 
eter and 1.4mm think) using polyethylene glycol as a binder 
and 3tonnes of uniaxial pressure during 5min. The sin- 
tering behaviour of green compacts and thermal expansion 
of dense ceramics were studied using a Linseis L75/1550C 
dilatometer with a heating rate of 5°C min—!. The optimal sin- 
tering temperature and dwelling time obtained was 1250°C 
for 4h. 


Fig. 3. Localization of the interstitial oxygen atoms (04) by Fourie analysis of 
difference. 


Total conductivity measurements were carried out from 25 to 
900 °C by the four probe method in air on dense ceramics of the 
material under study. For this purpose the as-prepared powder 
was pressed into pellets (10 mm in diameter and 1.4 mm thick) 
using polyethylene glycol as a binder. Finally, the dense pellet 
subsequently underwent a thermal treatment under high oxygen 
pressure (350°C, 200 bar). For the conductivity measurements, 
the dense ceramic was placed onto an alumina support and 
four platinum wires contacts were pressed onto the surface of 
the sample using a spring-loaded alumina tube. Current load 
of 100mA was applied by a potentiostat/galvanostat (EG&G 
Model 263) and the potential drop recorded by a Fluke 179 True 
RMS Multimeter. 


3. Results and discussion 


X-ray powder diffraction data are characteristic of well- 
crystallized K2NiF4 powders for both as-prepared and 
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Fig. 4. (a) Crystal structure of Laz Nio .6Cuo.404.16: O1 are the equatorial oxygen 
atoms of the NiOg octahedra whereas O2 and O3 are the axial ones and (b) 
multiplicity of the novel axial O3 position. 
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O2-treated (350 °C/200 bar) samples. ICP-AES data confirmed 
the cationic ratio to be as expected, excluding the presence of 
lanthanum vacancies. 


3.1. Thermal analysis 


Thermogravimetric analysis curves in H2/N2 flow evidence 
an increase of the excess of oxygen (ô) with the O2-treatment 
from 0.07(2) to 0.16(2) moles of oxygen per formula unit of 
LazNig.6Cuo,40445. Hereafter, the O2-treated (350/200 bar O2) 
sample will be labelled as LazNig.6Cug404.16. 

The DTA curves under static air of Laz Nio.6Cuo.404.16, car- 
ried out from 25 to 900 °C are showed in Fig. la. In the heating 
stage there is a peak centred at 380 °C; this peak was identified 
as an oxygen release process, in agreement with the weight loss 
observed in the TG curves (Fig. 1b). In the cooling stage no 
peaks were observed, suggesting that the process is irreversible. 

The thermogravimetric curves shown in Fig. 1b were carried 
out in air with several heating—cooling cycles from 25 to 900°C. 
An irreversible loss of 0.09 mol of oxygen per formula unit 
was observed in the first cycle. The subsequent heating—cooling 
cycles reveal small reversible losses. 


3.2. Neutron diffraction results 


The thermal evolution of the crystal structure of the O2- 
treated sample was studied by NPD; the data were collected 
in situ in a furnace in the temperature range 25—900°C each 
100°C. 

Owing to our previous study on the crystal structure of 
Laz2Nio6Cuo.404+5 [11], in a first trial, the crystal structure 
of LazNig,¢Cug,404.16, was Rietveld-refined at room temper- 
ature (RT) as an orthorhombic single phase defined in the Bmab 
space group with Rpragg = 11.7%. However, subsequent refine- 
ment in the orthorhombic Fmmm and in the tetragonal F4/mmm 
space groups leads to RBragg(%) =9.35 and RBragg(%) = 6.22, 
respectively. Therefore, the tetragonal F4/mmm space group was 
chosen for the refinement. The better agreement with the tetrago- 
nal F4/mmm space group can be explain due to the higher oxygen 
content that lead to the relaxation of the lattice stress between 
the La2Oz and the NiO2 layers. 

In spite of the irregular background resulting from the quartz 
container, we have achieved a good agreement between observed 
and calculated profiles (Fig. 2). The model proposed by Jor- 
gensen et al. was selected for the RT refinement [15]. In 


Table la 
Structural parameters after the Rietveld refinement from NPD data for LazNio,6Cup.404.16 at 25, 100, 200, 300 and 400°C 
T (CO) 25 100 200 300 400 
a=b (Å) 5.43156(8) 5.43328(8) 5.43891(8) 5.44525(9) 5.45242(9) 
c (Å) 12.8847(3) 12.8924(3) 12.9134(3) 12.9327(3) 12.9423(3) 
v(A3) 380.12(1) 380.59(1) 382.00(1) 383.46(1) 384.768(1) 
La 
Zz 0.3603(2) 0.3602(2) 0.3606(2) 0.3604(2) 0.3612(2) 
B (A?) 1.179(4) 1.230(4) 1.35(4) 1.46(4) 1.50(4) 
n 1 1 1 1 1 
Ni(Cu) 
B (A?) 0.98(4) 0.93(4) 1.11(5) 1.36(5) 1.25(5) 
N (Cu) 0.2 0.2 0.2 0.2 0.2 
Ol 
B (A?) 1.24(5) 1.41(5) 1.55(6) 1.56(5) 1.64(6) 
n 1 1 1 1 1 
02 
z 0.1756(6) 0.1760(6) 0.1762(7) 0.1784(9) 0.1771) 
B (A?) 1.08(8) 1.49(9) 1.59(9) 1.9(1) 2.2(1) 
n 0.6 0.6 0.6 0.6 0.6 
03 
x=y —0.066(1) —0.062(2) —0.064(2) —0.063(2) —0.55(2) 
z 0.188(1) 0.185(2) 0.184(2) 0.179(2) 0.183(2) 
B (Å?) 1.08(8) 1.49(9) 1.59(9) 1.9(1) 2.2(1) 
n 0.4 0.4 0.4 0.4 0.4 
04 
z 0.25 0.25 0.25 0.25 0.25 
B (Å?) 1.0 1.0 1.0 1.0 1.0 
n 0.080(5) 0.100(5) 0.087(5) 0.078(5) 0.068(5) 
xX 2.64 2.40 2.59 2.67 2.86 
Rp (%) 2.47 2.38 2.51 2.49 2.55 
Rwp (%) 3.07 3.01 3.20 3.18 3.29 
Rexp (%) 2.09 2.09 2.09 2.09 2.11 
RBragg 10.6 8.14 10.7 10.9 9.77 


Space group F4/mmm, La and O2 at 8e (0, 0, z) sites, Ni and Cu at 4a (0, 0, 0), O1 at 8c (1/4, 1/4, 0), O3 at 32m (x, y, z) and O4 at 16e (1/4, 1/4, z) positions. 
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Table 1b 
Structural parameters after the Rietveld refinement from NPD data for LazNio,6Cuo,404,16 at 500, 600, 700, 800 and 900°C 
T (°C) 500 600 700 800 900 
a=b (Å) 5.45959(9) 5.4674(1) 5.4752(1) 5.4832(1) 5.4913(1) 
c (A) 12.9587(3) 12.9756(4) 12.9922(4) 13.0096(4) 13.0290(4) 
V(A3) 386.26(1) 387.87(2) 389.49(2) 391.14(2) 392.88(2) 
La 
z 0.3614(2) 0.3614(2) 0.3606(2) 0.3618(2) 0.3617(2) 
B (A?) 1.77(4) 1.94(5) 2.06(6) 2.28(6) 2.56(6) 
n 1 1 1 1 1 
Ni (Cu) 
B (Å?) 1.26(5) 1.63(6) 1.79(6) 1.98(7) 2.06(7) 
N (Cu) 0.2 0.2 0.2 0.2 0.2 
Ol 
B (Å?) 1.81(6) 2.13(7) 2.17(7) 2.52(8) 2.85(8) 
n 1 1 1 1 
02 
z 0.179(1) 0.1778(9) 0.179(1) 0.1776(9) 0.178(1) 
B (A?) 2.5(1) 2.3(1) 2.5(2) 2.4(1) 2.7(2) 
n 0.6 0.6 0.6 0.6 0.6 
03 
x=y —0.057(2) —0.061(2) —0.058(2) —0.069(2) —0.064(2) 
z 0.184(2) 0.187(2) 0.186(2) 0.189(2) 0.184(2) 
B (A?) 2.5(1) 2.3(1) 2.5(2) 2.4(1) 2.7(2) 
n 0.4 0.4 0.4 0.4 0.4 
04 
z 0.25 0.25 0.25 0.25 0.25 
B (Å?) 1.0 1.0 1.0 1.0 1.0 
n 0.068(5) 0.070(5) 0.060(6) 0.051(6) 0.058(6) 
xX 2.44 2.71 2.75 2.65 2.59 
Rp (%) 2.45 2.51 2.52 253 2.49 
Rwp (%) 3.10 3.25 3.21 3.26 3.15 
Rexp (%) 2.11 2.11 2.11 2.11 2.10 
RBragg 10.4 2.37 13.5 14.5 12.6 


Space group F4/mmm, La and O2 at 8e (0, 0, z) sites, Ni and Cu at 4a (0, 0, 0), O1 at 8c (1/4, 1/4, 0), O3 at 32m (x, y, z) and O4 at 16e (1/4, 1/4/, z) positions. 


F4/mmm, La and O2 atoms are located at 8e (0, 0, z) sites, Ni 
at 4a (0, 0, 0), O1 at 8c (1/4, 1/4, 0), O3 at 32m (x, y, z) and 
the interstitial O4 atoms at 16e (1/4, 1/4, z) positions. The 04 
site corresponds to interstitial oxygen atoms whose real position 
was determined to be effectively at (1/4, 1/4, 1/4) by differen- 
tial Fourier analysis (Fig. 3). The insertion of these additional 
oxygen atoms into the lattice causes a displacement of the axial 


O2 oxygen from its normal location to a new axial O3 position 
leading to a novel split position, as illustrated in Fig. 4. Therein, 
the complementary occupancies of the axial O2 positions and 
the displaced axial O3 oxygens were constrained to 1.00, and 
the isothermal factors were also constrained. 

Subsequent structural refinement from NPD data collected at 
T> 100°C shows no structural transition along the temperature 


Table 2a 

Main interatomic distances (A) for Laz Nio.6Cuo.404.16determined from NPD data at 25, 100, 200, 300 and 400°C 

Bond/T (°C) 25 100 200 300 400 
La-Ol x 4 2.632(2) 2.634(2) 2.634(2) 2.639(2) 2.635(2) 
La-02 2.380(8) 2.375(9) 2.38 (1) 2.35(1) 2.38(2) 
La-02 x 4 2.755(1) 2.756(2) 2.761(2) 2.768(2) 2.771(3) 
La-03 2.29(2) 2.31(2) 2.33(2) 2.39(3) 2.34(3) 
La-03 2.460(9) 2.474(9) 2.47(1) 2.46(1) 2.511) 
La-04 2.389(1) 2.390(1) 2.395(2) 2.397(2) 2.406(2) 
Ni(Cu)-O1 x 4 1.9203(0) 1.9210(0) 1.9229(0) 1.9252(0) 1.9277(0) 
Ni(Cu)-O2 x 2 2.263(7) 2.269(8) 2.276(9) 2.31(1) 2.29(1) 
Ni(Cu)—O3 2.46(2) 2.43(2) 2.43(2) 2.37(3) 2.411(2) 
04-03 x 4 2.562(9) 2.538(1) 2.56(1) 2.58(1) 2.51(2) 
04-03 x 4 1.63(1) 1.67(1) 1.66(1) 1.71(2) 1.73(2) 
04-03 x 8 2.15(1) 2.15(1) 2.16(1) 2.19(1) 2.15(2) 
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Table 2b 

Main interatomic distances (A) for Laz Nio.6Cuo.404.16 determined from NPD data at 500, 600, 700, 800 and 900°C 

Bond/T (°C) 500 600 700 800 900 
La-Ol x 4 2.636(2) 2.640(2) 2.651(2) 2.644(2) 2.649(2) 
La-02 2.37(2) 2.38(1) 2.36(2) 2.40(12) 2.40(2) 
La-02 x 4 2.779(3) 2.781(2) 2.785(3) 2.789(2) 2.794(3) 
La-03 2.34(3) 2.31(3) 2.31(3) 2.31(3) 2.36(3) 
La-03 2.51(1) 2.51(1) 2.52(2) 2.48(1) 2.49(1) 
La-04 2.410(2) 2.414(2) 2.411(2) 2.424(2) 2.427(2) 
Ni(Cu)-Ol1 x 4 1.9303(0) 1.9330(0) 1.9358(0) 1.9386(0) 1.9415(0) 
Ni(Cu)—O2 x 2 2.32(2) 2.31(1) 2.32(2) 2.311) 2.32(2) 
Ni(Cu)-O3 2.42(3) 2.48(3) 2.46(3) 2.51(2) 2.47(3) 
04-03 x 4 2.52(2) 2.54(1) 2.53(2) 2.60(1) 2.59(2) 
04-03 x 4 1.72(2) 1.67(2) 1.70(2) 1.62(2) 1.67(2) 
04-03 x 8 2.16(2) 2.15(2) 2.15(2) 2.16(1) 2.18(2) 


range under study (25—900 °C). Thus, the data collected between 
25 and 900°C were successfully refined in the F'4/mmm space 
group. Tables la and 1b summarises the results obtained from 
these refinements. This behaviour is in agreement with the DSC 
results previously observed. As shown in Fig. 5, the unit-cell 
parameter a increases with the temperature whereas c presents 
an anomalous growth between 300 and 400°C. This can be 
understood as a cell contraction along the c direction at this 
temperature superpose to the thermal expansion of the cell at 
this temperature range. 
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Fig. 5. Thermal evolution of lattice parameters of Laz Nio.6Cuo.404.16 from RT 
to 700 °C: (a) a and b parameters and (b) c parameter. 


Tables 2a and 2b includes the main bonding distances for 
La2Nio.6Cu0.404.16. La—O1 bond lengths are not highly influ- 
enced by temperature, exhibiting an average increase of 0.017 A 
from RT to 900°C. There are two types of La—O2 bond lengths 
(along the c-axis); the bigger one is larger than the corresponding 
sum of the ionic radii of O?~ and eight-coordinated La** ions 
(2.56 A), the second one being smaller. The shortest La—O2 dis- 
tance is responsible of the cohesion between the perovskite and 
the rock-salt layer. 

The temperature dependence of the Ni—O interatomic dis- 
tances is represented in Fig. 6. Equatorial Ni-O1 bond lengths 
linearly increase with temperature, scaling with the concomi- 
tant increment of a unit-cell parameter. Conversely, axial Ni-O2 
bond lengths increase with temperature but display a contraction 
at 400°C which can be associated with the axial compression 
observed for the c unit-cell parameter. 


3.3. Thermal expansion coefficients 


Aiming to determine the mechanical compatibility of our 
material with the other cell components, thermal expansion mea- 
surement of the dense ceramic was carried out in air in the 
temperature range 25-1000 °C (Fig. 7). The thermal expansion 
coefficients obtained from the slope of the line at different tem- 
peratures is summarized in Table 3. The values obtained are very 
close to that of the usual SOFC electrolytes. 


3.4. Transport properties 


The total electrical conductivity (o) of sintered ceramics 
was investigated in the temperature range of 25-900 °C. Fig. 8 
shows a change in the conduction regime from semiconductor- 
like below 400°C, exhibiting a maximum conductivity of 
110Scm7!, followed by a high-temperature regime charac- 


Table 3 
Thermal expansion coefficients (TEC) for LazNio.¢6Cuo,4O04,16 at 600, 700 and 
800°C 


TEC50-1000°C TEC50-800°C TEC50-600°C 
(076 K7!) (1076 K7!) (1076 K7!) 
13.02 12.93 12.60 
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Fig. 6. Variation of Ni—O bond lengths for Laz Nig.¢Cup,404,16 as a function of 
temperature: (a) Ni-O1 (the error bars are smaller that the symbol size) and (b) 
Ni-O2. 


terized by a negative slope, which could be labelled as metal 
behaviour. We can correlate this behaviour with the observed 
contraction in the axial Ni-O2 bond lengths at 400°C. In this 
material, the electronic conductivity is due to electron hopping 
along Ni-O-Ni linkage, in such a way that it is sensitive to the 
contraction of the Ni-O2 bonds along the axial direction. This 
behaviour is reminiscent to that observed in RNiO3 perovskites, 
where a metal-insulator transition is observed as a function 
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Fig. 7. Thermal expansion of LagNio.6Cuo,404.16. 
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Fig. 8. Electrical conductivity for Laz Nio.6Cuo.404.16 at different temperatures. 
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Fig. 9. Thermal stability of the conductivity at 750°C. 


of temperature (Tmi) and the size of the rare earth. The con- 
ductivity displays a metallic behaviour in the high temperature 
region and an insulating (semiconducting) behaviour in the low 
temperature interval, exhibiting a maximum conductivity at 
Tmi. An in situ structural study by NPD for RNiO3 perovskites 
also shows an abrupt structural change coincident with the metal 
insulator transition [20], in the sense that an abrupt contraction 
of the average Ni—O distances is observed upon metallization, at 
Tmi. We report a parallel effect, although weaker, in the strongly 
related LazNiO4,5 phases, with K2NiF, structure, where a metal 
(high 7)—insulator (low T) transition can be microscopically 
correlated with a contraction of Ni—O bonds upon metallization. 

We have also performed an experiment of the electrical con- 
ductivity at 750 °C during 580 h. Fig. 9 evidence that the sample 
conserve its conductivity value constant to 87Scm7! along 
580 h at this temperature. 


4. Conclusions 


The synthesis of O2-treated La2Nio.6Cu0.404+5 (350°C/ 
200 bar) leads to a highly oxygenated sample with composition 
La2Nio.6Cu0.404.16. There are no structural transitions along 
the temperature range studied (25—900°C). Therefore, the 
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compound has been defined in the tetragonal F4/mmm space 
group at all temperatures. 

We can establish a correlation between the axial Ni-O2 
bond length and the electrical conductivity behaviour. The 
observed contraction of the Ni—O2 distance at 400°C seems to 
be concomitant maximum value of conductivity (110 S cm~ Dat 
around 400 °C. We can conclude that the electrical conductivity 
in La2Nio.6Cu0.404.16 has a strong anisotropic component and it 
is highly affected by the shrinkage in the perovskite layer along 
the c direction. We have also performed a durability experiment 
at 750°C for 560 h obtaining a very stable value for the electri- 
cal conductivity of 87 S cm~! . The thermal expansion coefficient 
was 13-12.6 x 1076 K~! very closet to that of the usual SOFC 
electrolytes at these temperatures (600—1000 °C). 
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